Research has shown age-related declines in the cognitive ability to inhibit irrelevant information. Thirty-six younger adults (mean age ϭ 22 years) and 36 older adults (mean age ϭ 74 years) performed 2 versions of an emotional Stroop task. In one, they made lexical decisions to emotion words spoken in 1 of several tones of voice. Latencies were longer for test words spoken in an incongruent tone of voice, but only for older adults. In another, words were displayed on a computer screen in a colored font, and participants quickly named the font color. Latencies were longer for test words high on arousal, but only for older adults. Results are discussed in terms of inhibitory cognitive processes, attention, and theories of emotional development.
Research suggests that in many contexts, older individuals may evidence high levels of resilience and competence in emotion regulation (e.g., Carstensen, Isaacowitz, & Charles, 1999; Gross et al., 1997; Smith, Fleeson, Geiselmann, Settersten, & Kunzmann, 1999; Staudinger, Marsiske, & Baltes, 1995) . One reason may be that older adults have accumulated life experiences that cause them to have available a storehouse of well-integrated schemas. Such schemas can be quickly activated once emotions have been aroused.
In contrast to tasks that permit the application of wellintegrated schemas, there are other situations and tasks in which people cannot rely on well-integrated schemas or where such schemas may interfere with task performance. Such tasks make higher demands on cognitive resources involving conscious regulation, attention, memory, and language processing (Beauregard, Levesque, & Bourgouin, 2001; Hariri, Bookheimer, & Mazziotta, 2000) . Older individuals typically demonstrate a variety of cognitive declines, including decreased executive control and inhibitory functioning (Dempster, 1992; Hasher & Zacks, 1988; McDowd & Oseas-Kreger, 1991; Stoltzfus, Hasher, & Zacks, 1996; Zacks & Hasher, 1994) . These behavioral problems are related, as well, to neuroanatomical (Cabeza, 2002; Raz, 2000) and neuromodulatory (Li, Lindenberger, & Sikstroem, 2001 ) changes in structures that are thought to support these processes. Such declines should lead to difficulty in resource-demanding situations-that is, in situations that do not permit reliance on already well-structured schemas but that require conscious attention and regulation.
How do the elderly fare in emotion regulation situations that place higher demands on these types of executive functions? A large body of research suggests that in comparison with younger adults, older adults (a) reduce the complexity of affective information, distorting it in a positive direction (Labouvie-Vief & Medler, 2002; Mather & Johnson, 2000) ; (b) are less resistant to stereotypes (Mather, Johnson, & DeLeonardis, 1999; von Hippel, Silver, & Lynch, 2000) ; (c) require stronger emotional supports, such as an emphasis on personally vital dimensions like safety, truth, and moral character (Rahhal, May, & Hasher, 2002) as well as personal identification with targets (Hess, Rosenberg, & Waters, 2001 ); and (d) limit their behavior to a more restricted range of physical (Lawton & Nahemow, 1973) and social (Carstensen, Charles, & Isaacowitz, 2000) environments and to a narrower range of goals (Baltes & Baltes, 1990; Brandstädter & Greve, 1994) . All of these suggest that as individuals experience reductions in cognitive resources, they may experience some affect regulatory difficulties.
In the present study, we examine age differences in emotional processing in resource-demanding situations. Specifically, we rely on two versions of the emotional Stroop task in which individuals are asked to inhibit highly schematic associations of emotionrelated words. We use two versions, auditory and visual, of an emotional Stroop task in a sample of younger and older adults. These tasks tap executive and attentional resources, and because younger and older adults are widely reported to differ in available cognitive resources, we predict that older individuals will show evidence of inhibitory difficulties whereas younger individuals will not.
Aging and the Stroop Paradigm
The Stroop paradigm (Stroop, 1935) is perhaps the prototypical illustration of a way in which multiple sources of information can be poorly integrated. In these tasks, some aspect of a stimulus is either irrelevant or, in some variants of the paradigm, incompatible with completion of the primary task. Performing well on such tasks requires the maintenance of attentional focus, and the tasks are difficult for most people. This is because they require a person to inhibit a very automated response and to ignore or suppress a very salient but irrelevant source of information.
It was first demonstrated at least 40 years ago that basic Stroop interference is larger for older adults than for younger ones (Cohn, Dustman, & Bradford, 1984; Comalli, Wapner, & Werner, 1962; Houx, Jolles, & Vreeling, 1993) . Many variations of the basic Stroop methodology have been used subsequently with both younger and older adults, and a wide variety of experimental manipulations have led to the general conclusion that older participants are more influenced by irrelevant or distracting information than younger participants are, at least under many circumstances (e.g., Chiappe, Hasher, & Siegel, 2000; Connelly, Hasher, & Zacks, 1991; Duchek, Balota, Faust, & Ferraro, 1995; Shaw, 1991; Sommers & Danielson, 1999) .
The degree to which inhibitory processes are relatively generalized or localized is a matter of some discussion (e.g., Kok, 1999 ; see also Duchek et al., 1995) . However, there is some direct evidence for the involvement of prefrontal cortical activity in Stroop effects (Nielson, Langenecker, & Garavan, 2002; West & Alain, 2000) , suggesting that reduced executive function is at least one factor accounting for age differences in latencies in the Stroop paradigm.
Emotion and Resources in the Emotional Stroop Task
The Stroop task is not inherently an emotion-neutral task, but researchers have turned it into an emotion-related one by using stimuli that have some relation to mood, emotion processing, or emotion regulation. Such "emotional Stroop" tasks are widely used to examine complex integrative processes involving the interaction of cognition and emotion and are ideal for the study of emotion regulation in contexts that involve complex executive and attentional resources. The core assumption here is that relatively automatic and relatively more controlled processes share common resources (Labouvie-Vief, 2003; Baumeister & Heatherton, 1996; Metcalfe & Mischel, 1999; Paulhus, 1993) . If emotional activation is high, it tends to disrupt effortful processing, as highly automated emotion schemas, which are not easily disrupted, dominate processing resources. One way to tap this resource-limited system, then, is to use a word-based task in which the individual is asked for a response that is independent of the semantic-emotional value of the wordsinformation that is activated in an automatic fashion. At the same time, resource limitations should become particularly evident if the stimulus used is strongly activating-for example, when stimuli known to have high arousal values are used (the term arousal, as used in the current study, is synonymous with activation).
Because processes of inhibition and disinhibition are crucial to emotion regulation, several researchers have used variants of the Stroop paradigm to investigate emotional processes (e.g., Gotlib & McCann, 1984; Mathews & MacLeod, 1985; Ray, 1979; Watts, McKenna, Sharrock, & Trezise, 1986; Williams & Broadbent, 1986; Williams & Nulty, 1986) . Emotion words are presented in different colors, and the participant is to name the color. When Stroop interference is observed, it is assumed to be due to the meaning of the emotion words. This variant of the paradigm has also been used to examine psychopathology (Boyer & Dickerson, 2003; Dudley, O'Brien, Barnett, McGuckin, & Britton, 2002; Williams, Mathews, & MacLeod, 1996) and mood (Lundh & Simonsson-Sarnecki, 2002; Phillips, Bull, Adams, & Fraser, 2002) . Increased latencies for reading certain emotion words have been found, for example, in psychopathological conditions such as depression and general anxiety disorder. Such increased latencies can reflect biases that result in particularly strong activation and/or be indicative of difficulties in neuromodulatory control (Williams et al., 1996) , which is required for emotion regulation.
Another variation of the emotional Stroop task uses auditory stimulus presentation. In the task developed by Wurm and Vakoch (1996; Wurm, Vakoch, Strasser, Calin-Jageman, & Ross, 2001 ), the participant is asked to disregard the emotional tone of voice and decide as quickly as possible whether the spoken stimulus is a real English word (the auditory lexical decision task). Each stimulus has two characteristics (i.e., the prosodic and the semantic information) that can, in principle, compete for the listeners' attentional resources (see Vingerhoets, Berckmoes, & Stroobant, 2003) . The idea behind the task is that the prosodic-semantic dissociation should produce interference, especially in individuals with reduced cognitive resources. Wurm and Vakoch (1996; Wurm et al., 2001) found that younger adults, in this context of disrupted coherence, can easily inhibit the attention that is normally devoted to tone of voice. They neither benefit from congruence nor suffer from incongruence. This task was used in Experiment 1 of the current study.
The Current Study
In the current study, we use both auditory and visual variants of the emotional Stroop task. In Experiment 1, we use the auditory version of the task to determine whether older adults can keep from attending to tone of voice in performing the lexical decision task. If older adults have difficulty doing so, response times should be elevated when the tone of voice does not match the meaning of the word (i.e., in the incongruent condition). This means we should see an Age ϫ Congruence interaction. In Experiment 2, a second version of the emotional Stroop task is used, which is more similar to the standard Stroop task. We examine younger and older adults' abilities to quickly call out the color of the font in which emotionally salient words are printed, which requires inhibition of the highly automated reading response. Words were used that vary on arousal (Bradley & Lang, 1999) because high values on this variable seem especially likely to create a Stroop effect as a result of automatic activation. An Age ϫ Arousal interaction is expected, with higher levels of arousal leading to elevated response times for older participants but not for younger ones. This is based on the hypothesis that older adults will have more difficulty marshalling the attentional resources necessary to inhibit the highly automated reading response. Materials. Stimuli are listed in Appendix A. They are the same stimulus materials used by Wurm et al. (2001) . Forty-eight words were selected from Morgan and Heise's (1988) study of pure emotion words, which are emotion words that are relatively free of cognitive and behavioral connotations . Four words were chosen from each of three semantic categories (disgusted, petrified, and happy). The remaining 36 stimuli were randomly chosen from the full list of emotion words. This was done so that the pool of items would not be concentrated in certain "corners" of the space of emotion words (this could have made the purpose of the experiment more obvious to participants and increased the likelihood of strategic responding).
Twelve of these 36 words were retained as filler items. The other 24 were changed into pseudowords so that half of the items heard by the participants would be real English words and half would be pseudowords. We did this by changing the phoneme at the uniqueness point to a different phoneme from the same broad class (i.e., fricatives replaced fricatives, vowels replaced vowels, and so on). The uniqueness point is the point in the acoustic signal where the word in question diverges from all other words in English (see Marslen-Wilson, 1984) .
A graduate student with theater experience read each stimulus item embedded in the carrier phrase "When that happened I felt _________." The carrier phrase provided a fluent prosodic context while keeping semantic context to a minimum. The carrier phrase was read four times for each stimulus item, once in each of the following tones of voice: happy, petrified, disgusted, and neutral. In total, there were 192 stimulus sentences, each of which was digitized at a sampling rate of 10 kHz (low-pass filtered at 4.8 kHz) and stored in a disk file.
In a manipulation check of these sound files, Wurm et al. (2001) found that percent agreement for which tone of voice each sentence was spoken in was high and comparable with the values reported by other researchers in the field (e.g., Scherer, Banse, Wallbott, & Goldbeck, 1991) . In addition, objective measurements of the rate of articulation and the intensity of the sound files showed an orderly and statistically significant patterning. Petrified sentences had the highest intensity, followed by depressed, happy, and then neutral sentences. Petrified sentences also had the highest rate of articulation, followed by happy, depressed, and then neutral sentences ( p Ͻ .01 for all adjacent comparisons in these two lists, except that depressed sentences were only marginally [p ϭ .07] slower than happy ones). Wurm et al. (2001) concluded that the stimuli were indeed perceived as intended by college-age participants (see also Murray & Arnott, 1993) .
Procedure. Participants were tested individually in a quiet room. The 192 stimulus sentences were divided into 4 lists of 48 sentences. Each word was presented in exactly one tone of voice per list. For example, the word scared was heard in a happy tone of voice in one list, in a petrified tone of voice in another list, and so on. Participants were randomly assigned to hear one of the four stimulus lists. Each participant got a different random order.
Within each list, 25% of the stimuli were from each of the four tones of voice. Stimulus presentation was fully randomized, so that the tone of voice of a particular stimulus could not be predicted from the preceding trial. This makes tone of voice unhelpful in completing the experimental task and thus a possible candidate for inhibition. Across the entire experiment, each word was heard in each tone of voice an equal number of times. For each participant, half of the items were words and half were pseudowords.
Digitized speech files were played for the participants over headphones at a comfortable listening level. Participants were directed to make a speeded lexical decision about the item in sentence-final position. Each participant made responses on a computer keyboard, pushing one button for words and another for pseudowords. Reaction times (RTs) were measured from the uniqueness point of each word.
Before the main experiment, participants heard a practice list of similar composition and performed lexical decisions. The practice list contained 12 sentences that were not used in the main experiment.
Experimental design and statistical analysis. Data were categorized according to whether there was a match (congruent) or mismatch (incongruent) between the semantic content of the word and the tone of voice on a given trial. All trials in the neutral tone of voice were considered baseline trials because, in this condition, tone of voice cannot be expected to be either helpful or unhelpful in the process of understanding the semantics of a particular word. We conducted an omnibus F test, with age group as a between-subjects factor and tone-of-voice condition as a within-subjects factor. We also performed repeated measures pairwise comparisons between the tone-of-voice conditions for the two age groups.
Results and Discussion
The analyses reported below include only responses to the critical emotion words described above, unless specifically noted. Participants were excluded from the analyses for excessively inaccurate (Ͼ 25% errors) or excessively slow (M Ͼ 1,000 ms for younger adults; M Ͼ 2,500 ms for older adults) responding. Two older and 2 younger adults were excluded by these criteria. An additional 3 older participants appeared to misunderstand the experimental task, responding "nonword" on nearly every trial, and were also excluded.
As expected, performance on the pseudoword stimuli was worse than on the genuine word stimuli. On average, error rates were 16% higher, F(1, 63) ϭ 121.31, MSE ϭ 0.007, p Ͻ .01, and RTs were 126 ms slower, F(1, 63) ϭ 8.16, MSE ϭ 62,999, p Ͻ .01, for pseudowords. This is strong evidence that participants were indeed engaged in meaningful lexical processing during the experiment. Figure 1 shows mean RT (correct responses to critical emotion words only) as a function of age group and tone-of-voice condition. Responses from the older participants were 319 ms slower on average than those from the younger participants, F(1, 63) ϭ 60.43, MSE ϭ 82,092, p Ͻ .01. There was also a significant main effect of tone-of-voice condition, F(2, 126) ϭ 3.24, MSE ϭ 13,260, p Ͻ .05. Mean congruent, baseline, and incongruent RTs were 821 ms, 831 ms, and 870 ms, respectively.
Crucially, though, as is apparent from the figure, participants from the two age groups were affected differently by the tone-ofvoice manipulation, F(2, 126) ϭ 3.80, MSE ϭ 13,260, p Ͻ .05 (for the interaction between age group and tone-of-voice condition). To understand this interaction more fully, we performed pairwise comparisons separately for each age group. For younger adults, none of the comparisons approached significance (all three Fs Ͻ 1.0). For older adults, however, RTs in the incongruent condition were significantly slower than those in the baseline, F(1, 30) ϭ 8.55, MSE ϭ 8,581, p Ͻ .01, and congruent, F(1, 30) ϭ 9.72, MSE ϭ 18,242, p Ͻ .01, conditions. The 38-ms difference between the congruent and baseline conditions was not significant (F Ͻ 1.0). The significantly slower mean RT in the incongruent condition is similar to other demonstrations of incongruence effects, except that here we specifically find it in the emotional realm because the incongruence was between prosodic and semantic aspects of emotion.
Mean error rates are shown in Table 1 . Older adults made nearly twice as many errors as younger adults (3.0% vs. 1.6%), but this difference was not significant, F(1, 63) ϭ 2.02, MSE ϭ 0.005, p ϭ .16. The main effect of tone-of-voice condition was not significant, nor was the interaction (both Fs Ͻ 1.0). None of the pairwise comparisons approached significance.
It might be argued that the younger participants did not actually perceive the tone-of-voice information, given that their RTs were unaffected by it. There is strong evidence against this argument. Using these identical sound files as stimuli, but with a blocked design, college-age participants show significant facilitation (72 ms) for congruent trials compared with baseline and incongruent trials (Wurm et al., 2001) . They showed no effect in an experiment with randomized presentation, which is the method used in the current experiment. The findings of Wurm et al. (2001) , together with those of the current experiment, suggest that younger participants have the cognitive resources to inhibit this unhelpful source of information whereas older adults do not.
In Experiment 1, the extent of automatic activation of information was investigated through a dissociation of prosodic and semantic aspects of a spoken utterance. For Experiment 2, we wanted to use a task more similar to the traditional Stroop task so that we would be in a position to make contact with the sizable literature that has used these techniques. This meant using visual stimulus presentation. Because there can be no tone-of-voice manipulation in this kind of task, we chose to use another approach, which is to use stimuli that have been rated for their arousal value. We do not expect presentation modality itself to have any differential effect on older versus younger participants. However, we do expect that rated arousal value translates in a straightforward way to the degree of automatic activation; thus, higher levels of arousal should be more likely to produce Stroop-type interference for older participants.
Experiment 2: Visual Color-Naming Experiment
In Experiment 2, we investigate age differences in a visual Stroop task that examines the issues of arousal and automatic activation. To manipulate the arousal of words, we used the words and norms provided by Bradley and Lang (1999) . The Affective Norms for English Words comprise more than 1,000 words that were rated for the core affective dimensions of subjective arousal and pleasantness (valence). In this experiment, we compare the time it takes younger and older adults to report the name of the color in which a word is printed. Stroop-type interference is to be assessed as any increases in naming times for medium and high arousal levels compared with the baseline condition of low arousal. In general, the interference-creating effects of arousal are expected to depend on individuals' cognitive resources as well as the degree of arousal, with higher levels of arousal and lower resources related to more interference (Metcalfe & Mischel, 1999) . Thus, we predict that older individuals' color-naming times will be elevated compared with those for younger individuals, especially at high arousal levels. Interference is expected to be larger with higher arousal stimuli. This hypothesis is based on the studies summarized above that demonstrate increased interference for older adults on a variety of Stroop-like tasks.
Method
Participants. Participants were 36 older adults and 36 younger adults. The older adults were the same sample used in Experiment 1 (half participated in Experiment 1 first, and half participated in Experiment 2 first). A different sample of younger adults was recruited. The younger adults (30 women and 6 men) ranged in age from 17 to 29 years (M ϭ 21.8 years, SD ϭ 3.6) and were recruited from the subject pool in the Department of Psychology at Wayne State University. They received extra credit in a psychology course for their participation. All participants reported normal hearing and normal or corrected-to-normal vision.
All older adults participated between 9:30 a.m. and 2:30 p.m., with the majority between 11:30 a.m. and 1:30 p.m. All younger adults participated between 9:30 a.m. and 4:00 p.m.
Materials. One hundred thirty-five words were chosen from Bradley and Lang's (1999) list. These words have well-validated ratings on a number of dimensions of interest, including arousal. We selected 45 words that were high on arousal (ratings above 6.9 on a 9-point scale), 45 that were medium (range ϭ 4.95-5.05), and 45 that were low (ratings below 3.5). Within each subset of 45 words, we selected an approximately equal number with high (ratings above 6.5 on a 9-point scale), medium (range ϭ 4.0 -6.5), and low (ratings below 4) valence ratings. Equating valence across the arousal conditions was done to ensure that any significant results were not due to a confounding of arousal and valence. Stimuli were also matched on word length and word frequency (Francis & Kučera, 1982) for all three arousal groups. Table 2 shows summary information for the stimuli. We also collected arousal and valence ratings of the stimuli from a group of our own participants. This was done to rule out two possibilities. First, the Bradley and Lang (1999) ratings might not generalize equally well to both age groups being studied. Second, any effects of arousal would be difficult to interpret without knowing whether the two groups perceive the words as equally arousing (and equally valenced).
Our rating participants were 15 younger adults (12 women and 3 men) and 14 older adults (11 women and 3 men). These sex proportions match those of the main RT experiments. In addition, these rating participants were matched on mean age and median education level to the participants in the main experiments. Participants rated each stimulus word on arousal and valence using a 9-point scale. Stimuli, mean ratings, and word frequencies are shown in Appendix B. Appendix C contains more information about the procedure of the rating study. As can be seen in Table 3 , the correlations between our participants' ratings and the Bradley and Lang (1999) ratings are high-in fact, for both the younger and the older adults, they are as high as one would expect reliability coefficients to be.
Furthermore, as is shown in Table 4 , older and younger adults rated the words quite similarly. Both our older group of raters and our younger group of raters found the high arousal stimuli significantly less arousing than the Bradley and Lang (1999) raters, but our groups did not differ from each other in any condition. Therefore, we can be reasonably sure not only that the words were perceived as intended but also that any age-group differences in the RTs do not stem from age-related differences in the levels of perceived arousal (because there are no age-related differences). An analogous analysis for the valence ratings revealed no significant differences either for the three arousal conditions or for the three groups of raters. Therefore, any differences in the RTs due to either arousal condition or age group cannot be caused by valence.
For the color-naming experiment, each stimulus word was printed in bold Arial font (20 point) in the center of the computer screen, in one of five colors: blue, black, green, orange, or red. For the initial stimulus list, color assignment was random. Four additional stimulus lists were made, in which each word was rotated through the possible colors. We used five lists because we wanted each word to be presented an equal number of times in each color across the experiment.
Procedure. Participants were tested individually in a quiet room. Each participant was randomly assigned to one of the five stimulus lists. Responses were made verbally into a close-talk microphone, which was worn as part of a headset and located approximately 3 cm off to the side of the participant's mouth. In an initial training block, participants were instructed simply to read each word as it appeared on the screen. The words printed for this training block were in fact the color names, and they always agreed with the color each was printed in (e.g., the word ORANGE was printed in orange font). Each color was presented four times. The purpose of this training block was to give the participant an initial exposure to the color names and how each color appeared on the screen. Next came a practice set of 20 trials, again four per color, this time using noncolor words printed in one of the five colors. These 20 words were chosen at random from the larger set of words in Bradley and Lang (1999) . Here (as in the main block of trials), the participant was instructed not to read the word on the screen but to say which color the word was printed in as quickly and accurately as possible. Following the practice trials came the main block of 135 trials, 27 per color. These were presented to each participant in a different random order. Naming times and responses were recorded by computer software (Inquisit, Version 1.29; Millisecond Software, 2000) . The entire testing session lasted about 25 min.
Experimental design and statistical analysis. Data were categorized according to which arousal condition the word came from (low, medium, or high). Data from the low arousal condition were considered the baseline against which any possible Stroop-type effects were assessed. We conducted an omnibus F test, with age group as a between-subjects factor and arousal value as a within-subjects factor. We also performed repeated measures pairwise comparisons between the arousal conditions for the two age groups.
Results and Discussion
Color-naming times were measured from the onset of each trial (i.e., the moment each word was displayed on the computer screen). Data from 2 younger adults and 3 older adults were excluded using the same exclusion criteria used in Experiment 1. Naming times for trials on which the participant said the wrong word (4% of the trials) were not included in the RT analyses. Table 5 shows the mean error rates for each age group and word arousal value. The only significant effect was that of age group, F(1, 65) ϭ 6.23, MSE ϭ 0.007, p Ͻ .05. Older adults averaged 6% Note. Arousal and valence were rated on 9-point scales (see Bradley & Lang, 1999) . Word frequencies were log transformed, after adding 1 to avoid the undefined log (0). errors, compared with 3% for younger adults. Although error rates did increase slightly as a function of arousal value for the older participants, neither the arousal main effect nor the interaction between arousal and age group was significant (both Fs Ͻ 1.0). The naming latencies, shown in Figure 2 , tell a different story. Latencies overall were 224 ms faster for the younger adults, F(1, 65) ϭ 54.08, MSE ϭ 139,869, p Ͻ .01, which agrees nicely with our finding of a lower error rate for younger adults. In addition, though, there was a significant effect of word arousal value, F(2, 130) ϭ 3.39, MSE ϭ 5,488, p Ͻ .05. Naming latencies were longest for words high on arousal.
Of crucial importance for the current study, however, is the significant interaction between age group and arousal value, F(2, 130) ϭ 3.63, MSE ϭ 5,488, p Ͻ .05. As Figure 2 shows, naming times were unrelated to arousal value for younger adults. For older adults, however, color-naming latencies for words high on arousal appear to be slower than latencies for the other conditions. Follow-up analyses confirmed this. There was no main effect of arousal for the younger participants (F Ͻ 1.0) but there was for the older participants, F(2, 64) ϭ 4.53, MSE ϭ 2,771, p Ͻ .05. Pairwise comparisons were then conducted on the naming times for the older participants. These showed that latencies in the high arousal condition were significantly longer than in the baseline (low arousal) condition, F(1, 32) ϭ 6.35, MSE ϭ 2,613, p Ͻ .05, and the medium arousal condition, F(1, 32) ϭ 7.76, MSE ϭ 2,682, p Ͻ .01. The medium arousal condition did not show any Stroop effect compared with baseline (F Ͻ 1.0).
Finally, there was no association between the valence of the stimuli and naming times (F Ͻ 1.0). Mean naming times for low, medium, and high valence words were 783, 779, and 797 ms, respectively (the corresponding SEMs were 12.9, 12.1, and 13.2, respectively). In addition, there was no hint of an interaction between age group and valence (F Ͻ 1.0).
General Discussion
In the current study, we used two variants of an emotional Stroop task to examine interference created either by an emotional tone of voice (Experiment 1) or by the rated arousal level of words (Experiment 2). We hypothesized that older adults would show a deficit in inhibiting the irrelevant source of information in the two tasks. This assumption was based on a shared-resource model in which automatic and controlled processes compete for attention. Because resource limitations are expected to make older individuals vulnerable to the disruptive effects of stimulus incongruence and high arousal, we expected that older individuals would show evidence of such disruption whereas younger individuals would not. This was based on the previously summarized literature showing that older adults have difficulty in tasks that demand high levels of cognitive resources.
Our results are consistent with these hypotheses. Experiment 1 showed that for older adults, the prosodic information associated with tone of voice intruded into cognitive processing despite the fact that this information was not useful for completion of the task. For this age group, lexical decision times in the auditory emotional Stroop task were significantly longer when there was a mismatch between the meaning of a word and the tone of voice in which it was spoken. This finding is consistent with the assumption that lowered resources, such as those related to aging, render individuals susceptible to the disruptive effects of high levels of automatic activation. Although this incongruence effect is similar to other such demonstrations in the literature, what is noteworthy is that in the current study it was found specifically in the emotional realm (i.e., the incongruence was between prosodic and semantic aspects of emotion).
The college-age participants in Experiment 1 showed a very different pattern than the older adults. For them, hearing a word spoken in a tone of voice incongruent with its meaning did not produce any processing cost, either in RTs or in errors. The results for this age group are consistent with the conclusion reached by Wurm and Vakoch (1996; Wurm et al., 2001) in studies of the influence of vocally expressed emotion on speech perception in college-age participants. When experimental conditions in those two studies matched those of the current study, there was no effect of congruence-incongruence.
2 The absence of a Stroop effect in the current study for this age group is consistent with the widely reported finding that cognitive resources are at their strongest levels in young adulthood.
Related to this point, one might question the viability of a cognitive resource explanation in light of the finding that younger adults (i.e., the college-age sample) did not slow down at all when presented with a mismatch in Experiment 1. However, it has not been established that susceptibility to this kind of disruption is a 2 As noted above, college-age participants do show a large, significant, facilitative effect of congruence when these identical stimuli are presented in a blocked rather than randomized format. We therefore have good evidence that the stimuli themselves are perceived as intended. graded, linear phenomenon. It could instead be the case that a threshold is crossed at some point. Younger people have strong cognitive resources, so we predicted (and observed) little or no effect. We believe that the younger adults did not slow down in the mismatch condition of Experiment 1 precisely because they were able to inhibit the irrelevant information. Older people are hypothesized to have less strong cognitive resources and to therefore be unable to inhibit irrelevant information. 3 Nevertheless, a weakness of the current study is that we did not include a measure of cognitive resources. As a result, we are not in a position to speak directly to the relationship between such resources and Stroop performance. It is important in the future to include this as a correlate or to manipulate it experimentally.
In Experiment 2, using the color-naming task, we found Strooplike interference for the older adults that was related to the arousal value of words. The time needed to name the color that a word was printed in was found to take longer for words rated high on arousal, even though the task of color naming does not require that the word be read. It is worth pointing out that this arousal-related finding is quite different from the incongruence-related finding from Experiment 1. The manipulation in Experiment 2 did not involve congruence-incongruence but was focused instead on arousal. Older adults, we see, were prone to automatic activation of the high arousal words. Medium arousal, however, did not result in any elevation of naming times compared with baseline. This pattern is also consistent with the idea of a threshold. In graded terms, we might have expected that medium arousal would produce a moderate level of interference whereas high arousal would produce a lot of interference. Instead, we do not see any effect except for the high arousal stimuli.
These demonstrations of significant Stroop-type interference are consistent with a broad range of findings in the literature (e.g., Chiappe et al., 2000; Cohn et al., 1984; Connelly et al., 1991; Duchek et al., 1995; Shaw, 1991) . One interpretation of the interference effect is that it points to older individuals' difficulty with inhibitory processes (e.g., Dempster, 1992; Hasher & Zacks, 1988; McDowd & Oseas-Kreger, 1991; Stoltzfus et al., 1996; Zacks & Hasher, 1994) . Demonstrating such interference effects does not necessarily add novel information to the literature on aging and resource changes. However, in the present study, we applied a Stroop-like task specifically to the domain of emotion and used a resource competition between emotion information and some other kind of information (color or word-nonword status).
Another interpretation of emotional Stroop effects is that they represent selective attention or hypervigilance to cues that signal impending threat or danger or at least some personal concern (e.g., Williams et al., 1996) . On this interpretation, it is possible that older adults' higher latencies to words rated as high in arousal value might reflect their concern with avoiding overarousal. Indeed, Bradley and Lang (2000) have reported that words rated high in arousal were more unpleasant for a sample of older women (this effect did not appear to depend on the valence of stimuli). This may suggest that older individuals are more concerned about high arousal because it has greater psychological and health costs (e.g., Kiecolt-Glaser, McGuire, Robles, & Glaser, 2002) . In addition to these alternatives, it is possible that the underlying causal mechanism is some yet-unknown change in the physiology of emotion.
In this context, the fact that there was no valence effect on Stroop reading times is important to note. Much recent evidence suggests that older adults' processing of affect is influenced by the valence of the pictures and also that older adults avoid attending to negative faces when completing certain experimental tasks (Charles, Mather, & Carstensen, 2003; . Thus, we might have expected an interference effect related to the valence of words as well as to the arousal value of words. It is possible that our failure to observe an effect of valence is because we carefully equated arousal across the three valence conditions (neutral, positive, negative). To our knowledge, this has not been done in most studies showing a valence effect. Although two of those studies produced a near match for positive and negative valence (Charles et al., 2003; Hamann, Monarch, & Goldstein, 2000) , arousal was significantly lower for the neutral condition. Furthermore, although Charles et al.'s (2003) study produced a near match between positive and negative valence, negative valence was related to higher arousal than positive valence, marginally so in Study 1 but significantly in Study 2. In contrast, for our stimuli, valence was equated across arousal conditions and arousal was equated across valence conditions. Thus, our study suggests that high arousal of positively valenced stimuli may be just as problematic for the elderly as high arousal of negatively valenced stimuli. If so, our results support the notion that older individuals are more strongly affected by high arousal than young adults, independently of valence of the stimulus.
One reason positive valence can be just as problematic as negative valence is that the relationship between arousal-intensity and valence is not necessarily linear. Since Darwin's (1896) work on emotion, for example, some emotion theorists (Rolls, 1999; Tomkins, 1995) have proposed that the use of such terms as "positive" and "negative" emotions can be problematic because as certain "positive" emotions (such as surprise) increase in intensity, they also change in quality and valence (e.g., fear). Indeed, Bradley and Lang (2000) noted such valence shifts for elderly individuals for some stimuli, especially sexual ones.
Another possible reason our study did not find valence effects may be design related. Hamman et al. (2000) had older adults (with and without Alzheimer's disease) view photographs while cognitive and physiological measures were taken and later gave participants a memory test. Charles et al. (2003) had individuals look at pictures in a self-paced condition. It is possible that in such self-paced designs, individuals' attentional biases play a stronger role than in a Stroop task. In the latter, individuals' attention is diverted from the arousing stimulus by asking them to respond to the color of the stimulus rather than its semantic meaning. This competition between responses may introduce resource constraints that do not operate in Hamman et al.'s and Charles et al.'s designs, and it is possible that attention can be directed to valence in less resource-demanding tasks in which automated schemas can efficiently operate. Thus, valence effects may be more characteristic of tasks that are not as resource demanding. By design, our study included situations in which these automated schemas are much less likely to be helpful. Future research therefore would need to examine the conjoint influence of resource restrictions and of valence on emotional Stroop effects.
We think that the weight of the existing literature suggests that attention, specifically, is the cognitive resource behind effects such as our color-naming results. The results of the auditory experiment can be understood in these terms as well. Tun, O'Kane, and Wingfield (2002) concluded that reduced efficiency in attentional control plays a major role in older adults' difficulty in dichotic listening tasks involving speech. Although our Experiment 1 did not use a dichotic listening paradigm, there are obvious similarities in that each stimulus was composed of two separable components, one of which was crucial to the task at hand and one of which was irrelevant. Future research could include explicit manipulations of attentional load, perhaps using divided-attention tasks, to make firm conclusions about this possibility.
Another possible direction for future research is suggested by the older adults' performance in the congruent condition of the auditory experiment. The RT pattern suggests that in addition to the damaging effect of incongruence, there was a facilitative effect of congruence. However, this difference was not statistically reliable. Such an effect, if demonstrated, would be consistent with the idea that semantic and contextual processes (which remain largely intact in older adults) become increasingly important as other cognitive and attentional processes decline (see Buchanan, Westbury, & Burgess, 2001; Madden, 1992; Myerson, Hale, Chen, & Lawrence, 1997; Sommers & Danielson, 1999) . 4 Although the results of the current study are consistent with a model that emphasizes diminishing cognitive resources in normal aging, the current results are based on cross-sectional evidence and require longitudinal validation. The present study also provides only a first examination of the possible link between activation and cognitive modulation. As such, it raises many new questions. For example, the color-naming results suggest that effect of arousal on attentional disruption may require a critical level before it becomes apparent. What is the exact dynamic relation between levels of arousal-activation and changes in resources? Answers to this question can help significantly advance knowledge of the dynamics of the affectcognition interaction in later life. 
